covalently bound to human neutrophils. It is a sensitive and specific marker for early renal dysfunction. Measurement of NGAL concentration in urine allows the detection of acute kidney injury (AKI) after cardiosurgical procedures, radiocontrast use, or septic shock [20] [21] [22] [23] [24] . β 2 M and retinol binding protein are proteins of molecular weight of 12 kDa and 21 kDa, respectively. They are freely filtered and completely reabsorbed, so even minute renal impairment (renal tubule) is manifested by increases in their urine concentration [25] [26] [27] .
The aim of this study was to retrospectively analyse renal function in HIV patients receiving antiretroviral therapy, by measuring the urine concentration of chosen low molecular weight proteins as useful biomarkers of renal dysfunction: RBP, NGAL, and β 2 M. Urine excretion of these biomarkers was analysed versus applied cART, serum creatinine, eGFR value, HCV coinfection, current T CD4(+) cell count, and route of HIV infection. Current results were then compared with the results obtained from the same group of patients in 2011 as well as a control group.
Material and methods
Urine samples were taken from 34 HIV-infected patients treated at Wroclaw outpatient HIV clinic. The control group included healthy volunteers with no other urinary tract abnormalities (excluded on clinical and laboratory exam). The characteristics of both groups are shown in Table 1 . Information on HCV infection (presence of anti-HCV antibodies), antiretroviral regimen, serum creatinine, eGFR, route of HIV infection, and T CD4(+) cell count was collected from medical records. There were no significant differences between these groups.
Morning urine samples were collected in polyethylene cups containing no preservatives. Morphotic fraction was separated by centrifugation at 1480 x g for 10 minutes. Samples were then kept frozen at -80 o C until analyses were performed. The approval of the Local Bioethics Committee of Wrocław Medical University was obtained (Nr-12/2018).
Urine concentrations of RBP, NGAL, and β 2 M were measured using ELISA immunoenzymatic methods according to the manufacturers' procedures (Demeditec, Immundiagnostik). Urinary creatinine concentration was measured using Jaffe method (reaction of picric acid and creatinine under acidic conditions) allowing the calculation of the concentration of low molecular weight proteins per milligram of creatinine in urine. The number of T CD4(+) cells [cells/ μl] was measured by flow-cytometry using a FACScan (Becton-Dickinson) ( Table 1) .
Introduction
Human immunodeficiency virus (HIV) infection remains an important health problem for a wide group of patients both in Poland and all over the world. Lack of antiretroviral therapy may lead to acquired immune deficiency syndrome (AIDS), while modern combined and continuously improved antiretroviral therapy (cART) reduces HIV viral load to undetectable levels, stops disease progression, and reduces mortality [1, 2] . Despite many benefits of cART, it can also have numerous side effects. Compared to noninfected individuals, HIV patients have increased incidence of cardiovascular disease, diabetes, non-AIDS cancers, and renal disease, all significant causes of mortality, partly due to cART regimens and partly due to direct HIV replication [3] . Additionally, HIV patients are at a higher risk of being co-infected with HBV and HCV due to shared route of transmission [4] , and such coinfection increases the risk of renal HIV-associated disease [5] .
Despite many years of cART availability, renal disease still is one of the most common pathologies associated with HIV infection. It concerns chronic kidney disease (CKD) and end-stage renal disease (ESRD), which still occur more often among HIV-positive than -negative patients, although currently reduction of HIV incidence is observed [6] . Other diseases caused directly by HIV include HIV-associated nephropathy (HIVAN) [7, 8] , thrombotic microangiopathy [9, 10] , and HIV immune complex kidney disease (HIVICK) [10, 11] . Renal dysfunction in HIV patients can also be caused by concomitant diseases like hypertension, diabetes, dyslipidaemias, or opportunistic infections [12, 13] . Antiretroviral therapy itself, despite its benefits, can have numerous side effects, nephropathy being an important problem [1, 14] . Additional risk factors for CKD include substances used during chemsex and medications used to enhance bioavailability of antiretrovirals [15] . Primary nephropathy can be even more important when patients are infected with HIV. Up to 30% of HIV patients have been estimated to have renal dysfunction. These dysfunctions are of serious clinical concern because they can be asymptomatic for many years and hence go undiagnosed, in effect leading to ESRD [16] .
The importance of kidney disease in HIV patients can be summarised by the number and range of different factors significantly influencing renal function in this group. Hence, new specific biomarkers for early CKD detection are being sought to stop deterioration of renal function in these patients [17] . The following urine low molecular weight proteins (LMWPs) have been found to be useful as diagnostic and/or therapeutic markers of renal dysfunction: neutrophil-gelatinase-associated lipocalin (NGAL), retinol binding protein (RBP), and β 2 -microglobulin (β 2 M). They are more sensitive and more specific compared to other routinely used biomarkers, such as serum creatinine or estimated glomerular filtration rate (eGFR), and non-invasive urine sampling increases its usefulness [18, 19] . NGAL is a protein of 25 kDa
Results
The values of the low molecular weight proteins in the study and control groups are presented in Table 2 . Mean concentrations of all examined parameters were higher in the HIV-positive group compared to the controls, but only NGAL had statistically higher values (p = 0.009) ( Table 2 ).
The obtained results were then compared with protein concentrations in the same patients examined in 2011. Mean concentrations of all markers were higher in 2011: RBP 200.76 ng/mg cr., NGAL 26.57 ng/mg cr., and β 2 M 0.90 μg/mg cr, with RBP and β 2 M reaching statistical significance (p = 0.037 and p = 0.010, respectively). Additionally, RBP levels in 2011 and 2018 correlated positively (R = 0.5722; p = 0.0004).
In 2018 the analysed patients were divided into two groups to ascertain the influence of antiretroviral therapy on the level of low molecular weight proteins excreted with urine. Group I included 22 patients receiving regimens containing tenofovir prodrug, either tenofovir disoproxil fumarate (TDF) or tenofovir alafenamide (TAF), and their mean age was 49 years. Group II included 12 patients receiving regimens containing lamivudine and abacavir, and their mean age was 53 years. In both groups the most common third drug was darunavir/ritonavir or dolutegravir. Mean concentrations of protein markers in urine, serum creatinine, and eGFR in these two groups are presented in Table 3 . Higher concentrations of all LMWP biomarkers were seen in group II (Table 3) .
High (but statistically not significant) LMWP concentrations, lower eGFR, and higher serum creatinine concentration in the group not receiving tenofovir suggest that these regimens impair renal function. It has further been confirmed by statistically important high correlation between serum creatinine and urine β 2 M concentrations in group II (R = 0.6325; p = 0.027).
Based on retrospective analysis of applied antiretroviral therapies and their influence on renal function, eight patients were selected from the examined patient group. They had been receiving TDF-containing regimens in 2011, but in the 2018 analysis they were receiving other antiretrovirals (abacavir/lamivudine, darunavir/ritonavir, or dolutegravir). Urine excretions of RBP, NGAL, and β 2 M were also compared at these time points, and they were lower in the 2018 analysis compared to 2011. Additionally, only minor eGFR reduction and serum creatinine increase was noted (Table 4) . No statistically significant differences were observed.
To compare RBP, NGAL, and β 2 M excretion depending on renal function the patients were divided into two groups. Group I consisted of 13 patients with normal eGFR (> 90 ml/min/1.73 m 2 ) and mean age of 48 years. Group II consisted of 21 patients with mild (60-89 ml/min/1.73 m 2 ) or severe (< 60 ml/min/1.73 m 2 ) eGFR decrease (mean ) and mean age of 52 years. The results are shown in Table 5 .
Despite higher urine LMWP concentrations in the group with decreased eGFR, differences between these groups were not statistically significant. The biggest difference was seen for β 2 M, its concentration was four-times higher in the group with decreased eGFR compared to the group with normal eGFR. Additionally, in patients with decreased eGFR statistically significant negative correlation between eGFR and RBP (R = -0.542; p = 0.011) was observed. In the group Additionally, we analysed the influence of coinfection of HCV on the levels of examined protein parameters. Among 34 patients who were positive for anti-HCV antibodies, 17 of them were included in group I, and the rest, with LMWP concentrations were analysed also against route of infection (MSM, IDU, HTX). The highest concentrations were seen in patients who were infected through intravenous drug use (Table 6) .
To compare urine excretion of LMWP among different T CD4(+) lymphocyte counts the patients were divided into two groups. The first group consisted of 28 patients with T CD4(+) lymphocyte count above 500 cells/μl (mean 780 cells/μl). The second group included six patients with T CD4(+) lymphocyte count below 500 cells/μl (mean 428 cells/μl). In group I the concentration of RBP and β 2 M was: 123.83 ng/mg cr. and 0.62 μg/mg cr., respectively, and in group II it was: RBP -160.69 ng/mg cr., β 2 M -1.45 μg/mg cr. Higher excretion of β 2 M and RBP was seen in the second group; however, the differences were not statistically significant. In 11 patients the T CD4(+) count increased from the mean value of 352 cells/μl (2011) to 765 cells/μl (2018) in the seven-year follow-up. In this subset of patients, urine protein excretion was lower than in 2011 (Table 7) .
Discussion
Our own results have not shown renal function deterioration in the seven-year follow-up period observation. Mean values of urinary levels of RBP, NGAL, and β 2 M in the current analysis were found to be lower than in the 2011 results. However, compared to HIV-negative controls they were significantly elevated, which is an important risk factor for renal toxicity. Additionally, statistically important correlation (R = 0.5722) between RBP in 2011 and 2018 shows that its concentration in urine is elevated in the same group of patients. Retinol binding protein is thought to be a better biomarker for renal dysfunction than β 2 M or NGAL, due to its stability in urine as well as the fact that its excretion in the urine is affected only by the appearing renal dysfunction. This has been confirmed in a 10-year observational cohort of patients with glomerular dysfunction conducted by Kirsztajn et al. [28] . They showed that high urine concentrations of RBP have high specificity to identify patients with progressive loss of renal function, while concentration above 1 mg/l was an effective and independent marker for bad prognosis, despite normal serum creatinine and creatinine clearance values.
Our study showed higher levels of analysed biomarkers in patients treated with tenofovir-sparing regimens. The results are discrepant to the ones from 2011 in which urine protein excretion was higher in patients treated with tenofovir. Similarly, Lee et al. [29] in their retrospective study did not show higher rates of renal dysfunction in patients treated with tenofovir compared to other regimens. Frequent medical check-ups and monitoring of renal function performed as part of antiretroviral therapy allow rapid intervention and cART regimen changes as required. Introducing for the treatment of a new tenofovir prodrug, tenofovir alafenamide, proved to be an important factor. It had been shown to be less nephrotoxic than TDF. Up to 86% of the analysed patients receiving tenofovir were treated with TAF. Its lesser renal toxicity may be the reason for lower protein excretion with urine in the current analysis. Cattaneo et al. [30] also showed improvement in renal function after switching from TDF-based to TAF-based regimens. Comparing these two drugs, they showed lesser changes in renal dysfunction markers both in serum and in urine in patients receiving TAF-based regimens. Similarly, DeJesus et al. [31] in their 96-week observation showed improvement in serum creatinine and urine excretion of proteins after switching from TDF to TAF. Rate of HIV suppression remained unchanged. We postulate that the introduction of the new prodrug into cART regimens improved renal function in our patients. We also showed positive correlation (R = 0.6325) between serum creatinine levels and β 2 M in urine in patients receiving tenofovir-sparing regimens containing most commonly abacavir, lamivudine and darunavir/r or dolutegravir. Ritonavir can cause nephrotoxicity itself [7] as well as increase levels of other medications used concomitantly. Spiegel et al. [32] described a case of acute renal failure in a patient receiving abacavir. Serum creatinine levels reflect renal function, and the positive correlation between β 2 M and serum creatinine shown in our study confirms its usefulness.
Our study also included patients switched from tenofovir-based regimens in 2011 to other regimens. In this group, the biomarker levels decreased and serum creatinine as well as eGFR values improved. This suggests that tenofovir may be nephrotoxic. We also showed different levels of LMWP excretion in urine in patients with normal and decreased eGFR. Although in patients with decreased eGFR (< 90 ml/min/1.73 m 2 ) they were not statistically significantly higher, β 2 M levels were four-times higher compared to patients with normal eGFR. Additionally, statistically significant negative correlation was shown between eGFR values and RBP concentration in patients with decreased eGFR. This negative correlation confirms its usefulness in renal function disorders. Campbell et al. [33] showed 50% increase in RBP urine excretion in patients with decreased eGFR receiving tenofovir-based cART.
We did not show statistically significant differences in the protein biomarker levels depending on HCV coinfection. However, higher β 2 M concentrations were seen in patients positive for HCV antibodies. Similar observations were made by Oboho et al. [34] , who showed increased β 2 M excretion in women co-infected with HIV and HCV. Such coinfection usually exacerbates renal disease. Canadian researchers showed faster progression to renal insufficiency in patients co-infected with HIV and HCV [35] . Our retrospective analysis of protein concentrations showed increase only in two patients in 2018.
We also analysed LMWP excretion with urine depending on the route of HIV infection. The highest values of examined biomarkers were seen in patients infected through intravenous drug use. The high concentrations in this group may be the result of substance use. Adebamiro et al. [36] showed that synthetic cathinones can negatively influence renal function, leading to renal ischaemia. There are no data about how recreational substance use influences urine excretion of low molecular weight proteins or serum creatinine levels. Our study also showed higher protein concentrations in urine in patients with lower T CD4(+) cell counts, which can be explained by increased risk of exposure to additional factors, including nephrotoxic ones. The number of T CD4(+) cells increased in 2018 compared to 2011, and the amount of protein excreted with urine decreased, which suggests an association between immune function, HIV progression, and renal dysfunction.
This retrospective analysis of renal function can be a valuable insight for clinicians. However, results obtained at such distant time periods cannot be the basis for the unequivocal conclusion that cART is nephrotoxic, including tenofovir. Recent TAF introduction can be an important factor responsible for improvement in measured parameters because TAF was shown in other studies to be less nephrotoxic than TDF.
Conclusions
In our analysis, we distinctly showed the overlapping influence of different factors as well as individual predispositions on renal dysfunction in HIV-infected patients. The retrospective analysis showed the usefulness of measurement of low molecular weight protein concentrations in urine for renal function evaluation in these patients as well as in the analysis of different factors influencing disease progression. The studied protein biomarkers can help diagnose renal micro-damage and start efficacious protective measures early, preventing renal insufficiency.
A limitation of this study is the small number of patients due to change of HIV clinic, death, or other unknown factors. HCV viral load measurement was not performed, which did not allow us to discern patients with ongoing replication. Further study is need with larger numbers of patients, which will give a wide view on the usefulness of these biomarkers as prognostic factors of renal function in HIV-infected patients.
